Introduction: Irvingia gabonensis belongs to the Irvingiaceae plant family and commonly known as the African bush mango, wild mango, Dika nut and Manguier sauvage. The fruits of I. gabonensis are edible and their use in traditional medicine has been reported for the treatment of diabetes, diarrhea, wound ulcer, hepatic disorder, microbial infections, and inflammatory pains. Aim: This study aimed to identify the standard phenolic contents of I. gabonensis fruit pulp and peel extracts and investigate the bind energy on polyphenol oxidase in order to know why browning of I. gabonensis fruit is often rapidly occur and how to prevent it with suitable inhibitor in an industrial processing. Results: The phenolics that were identified include ellagic acid, cinnamic acid, gallic acid, 3friedelanone, lupeol, kaempferol, quercetin, alpha-curcumene and zingiberene. The two PPO from Solanum lycopersicum (PDB ID: 6HQI) and Mangifera indica (PDB: D2XZ13_model) have different binding energies across the ligands with highest score by 3-friedelanone (-14.3 and -16.1 kcal/mol Adeseko et al.; JALSI, 22(1): 1-11, 2019; Article no.JALSI.51599 2 respectively), followed by lupeol (-13.9 and -14.6 kcal/mol respectively). The differences in the binding energies across the plant PPOs could be due to variation in the amino acid composition and more importantly the amino acid residues that participate in the catalytic and allosteric activities Conclusion: This study has shown the reason behind rapid browning that usually occur in I. gabonensis and more importantly, the need for effective edible inhibitors of PPO.
INTRODUCTION
Irvingia gabonensis belongs to the Irvingiaceae plant family and commonly known as the African bush mango, wild mango, Dika nut, and Manguier sauvage in French [1] . African bush mango is unrelated botanically to the common mango Mangifera indica which belong to the family of Anacardiaceae [2] . The fruits of I. gabonensis are edible, and their use in traditional medicine has been reported for the treatment of diabetes, diarrhea, wound ulcer, hepatic disorder, microbial infections, and inflammatory pains [3] [4] [5] [6] [7] [8] . I. gabonensis find application as dietary supplement in beverages industries [9] .
However, the challenge of browning during processing often limit the application of most edible fruits due to high content of phenolics. Phenolic compounds are partially responsible for color, astringency, bitterness, flavor, and nutritional qualities in fruits and vegetables [10] . In fruits, they are the most important group of secondary metabolites, varying widely in quantity and quality among different species [10] . Browning of vegetables, fruits and flowers alter their appearances, flavors, textures, and lower their marketing value [11] . The browning of injured, peeled or diseased fruit tissues can cause undesirable quality changes during handling, processing and storage. The browning process can be caused by both enzymatic and non-enzymatic biochemical reactions [12] .
Polyphenol oxidases (PPOs) are well known enzymes involved in the browning process [13, 14] . PPO catalyzes the conversion of phenolic compounds to quinones and assists their products' polymerization. Its catalysis, in the presence of oxygen, leads to the formation of undesirable brown pigments and off-flavored products [15, 16] . Several studies have shown that the enzymatic browning in fruits and vegetables are associated with polyphenol content and PPO activity [17] [18] [19] . The catalytic reactions of the oxidative enzymes, PPO, have been studied in fruits and vegetables from several decades ago [20] [21] [22] [23] . PPO activity can be monitored by oxygen consumption or spectrophotometrically using a variety of substrates such as 4-methylcatechol, 3, 4dihydroxyphenylacetic acid, 4-tert-butylcatechol, pyrogallol, pyrocatechol, and chlorogenic acid [18] .
Knowledge of the three-dimensional structures of proteins allow molecules to be designed that are capable of binding to the receptor site of target protein with great affinity and specificity. It helps to understand the catalytic mechanism of an enzyme based on ligand-target interaction, and this find application in biotechnology and medicine. This study aimed to identify the standard phenolic contents of I. gabonensis fruit pulp and peel extracts and investigate the bind energy on polyphenol oxidase in order to know why browning of I. gabonensis fruit is often rapidly occur and how to prevent it with suitable inhibitor in an industrial processing.
MATERIALS AND METHODS

Chemicals and Materials
HPLC grade methanol, acetonitrile and acetic acid were purchased from VWR International, Inc. (Clarksburg, MD). HPLC water were purchased from Sigma-Aldrich (St. Louis, MO). The phenolic acid standards used were purchased from Aldric Chemical Co., (Milwaukee, WI).
Sample Collection
Matured fruits of African bush mango (Irvingia gabonensis) were purchased from a local market of Ikare, Akoko in Ondo state, Nigeria. It was authenticated in the Department of Forestry and Wood Technology, Federal University of Technology, Akure. African bush mango fruits were thoroughly washed, peeled and sliced horizontally into tiny pieces with a sharp knife into solution of 10% ascorbic acid. The peel was separated from the pulp. The peel was washed to remove adhering flesh. 1200 g each of the pulp and peel samples was oven dried separately at temperature of 35°C for 3 days. The dried peel and pulp were finely ground with a warring blender and stored at 4°C until further analysis.
Sample Preparation
Ten grams (10 g) each of the powdered peel and pulp, respectively, were extracted with 20 mL of 80% acetonitrile at room temperature, followed by centrifugation (5000 x g) for 15 min. The supernatant was then treated with 4 M HCl to reduce the pH to 2-3 and the phenolic fraction of the supernatant was separated using ethyl acetate, the mixture was vigorously shaken and ethyl acetate was evaporated. The aqueous solution obtained was analyzed with HPLC.
HPLC Analysis
The separation of phenolic compounds was performed using an Agilent HPLC series 1200 system (Agilent, Waldbronn, Germany) equipped with Chem Station software, with detector model: AGILENT 1260, column model: CHROMSPHERE 5 C18, dimension: 5 micrometer, 3 mm x 250 mm with Hamilton microliter syringe, column temperature: 40°C. 100 µL of the extract was injected, the flow rate was 0.7 ml/min, pressure: 180 x 10 5 Pa, and carrier: acetonitrile / water (80:20, v/v) and isocratic elution was done using 2% acetic acid in water -methanol mixture (82:18, v/v) and column temperature of 40°C. Quantification was performed by measuring all the investigated phenolics 320 nm UV/vis wavelength. Individual compounds were identified by their retention times and UV-vis spectral and quantified using a calibration curve of the corresponding standard compound. When reference compounds were not available, the calibration of structurally related substances was used including a molecular weight correction factor [24] .
Molecular Docking Studies
The structure of each chemical compound of I. gabonenesis (Table 1 ) and selected inhibitors of PPOs [25] , were obtained from the PubChem Compound Database in structure data file (sdf) format. All file conversion to protein data bank (pdb) format were performed using PyMol v2.0.7. Two plant PPO were used for the molecular docking: (A) the crystal structure of PPO of Solanum lycopersicum (PDB ID: 6HQI) was obtained from RCSB Protein Data Bank (PDB), and the model structure of PPO of common mango (Mangifera indica) was obtained from protein sequence (UniProt ID: D2XZ13) by modelling on Swissmodel server [26] [27] [28] , using crystal structure of latent apple tyrosinase (PDB ID: 6els.1.A) as template [29] .
The molecular docking studies were carried out according to the method of Sanni et al. [30] . Briefly, all water molecules, hetero atoms, and multichain were removed from the crystal structure of the prepared targets using PyMol v2.0.7. The Gasteiger partial charges were added to the ligand atoms prior to docking. The docking parameter for 6HQI consisted of grid size: 126, 116, and 120 the x, y and z axes, grid center of 14.233 x -7.259 x 17.155 Å, and 0.697 Å while docking parameter for D2XZ13_model structure consisted of grid size:74, 72, and 116 along the x, y and z axes, grid center of 25.407 x 46.167 x 83.043 Å, and 0.525 Å spacing, were set up using AutoDock Tools (ADT) v1.5.6 [31] and saves the output file of each prepared ligand and each prepared target as pdbqt format. Molecular docking program AutoDock Vina v1.1.2 [32] , was employed to perform the docking experiment from the command line. After docking, the ligands were analyzed and visualized using ADT and PyMol v2.0.7.
RESULTS AND DISCUSSION
Identification of Phenolic Compounds of Irvingia gabonensis Fruit Peel and Pulp
The spectra and summary of the phenolic compounds in the peel and pulp of African Bush Mango are in Figs. 1 and 2 as well as Table 1 .
The phenolics that were identified include ellagic acid, cinnamic acid, gallic acid, 3-friedelanone, lupeol, kaempferol, quercetin, alpha-curcumene and zingiberene. Phytochemical investigations of the stem bark of I. gabonensis have led to the isolation of 3-friedelanone, oleanolic acid, betulinic acid, hardwickiic acid, methyl gallate, trimethyl ellagic acid, 3-β-acetoxyursolic acid [7] . Also, friedelan-3-one, betulinic acid and lupeol, have been identified as part of the constituents of Hymenocardia acida Tul. [33] . The study on the phenolic compound profile of I. gabonensis seeds, by LC-UV-MS in the methanol extract showed the presence of methyl gallate, ellagic acid, and other ellagic acid derivatives, and with strong in vitro antioxidant activity [34] . Also, study by Sun and Chen [9] , on the dietary supplements which wholly or partially containing African mango seed extracts using UHPLCHRMS, reported the presence of ellagic acid, mono, di and tri-methyl ellagic acid and their glycosides, kaempferol glucoside, galloyl ellagic acids, diosmetin, quercetin rhamnoside, and ellagitannins. Study has reported the inhibitory effects of ellagic acid and 3,5-dicaffeoyl quinic acid isolated from extract of the leaves of Ipomoea batatas (L.) Poir on aldose reductase [35] . 
Binding Energies and Interactions from Molecular Docking
The modeling of Mangifera indica (UniProt ID: D2XZ1) based on the template of structure of latent apple tyrosinase (PDB ID: 6els.1.A) structure showed sequence similarity and MolProbity score of 67.63% and 0.8 respectively. The two PPO from Solanum lycopersicum (PDB ID: 6HQI) and Mangifera indica (PDB: D2XZ13_model) have different binding energies across the ligands as shown in Table 2 . The result showed that 3-friedelanone have the best affinity to the PPOs followed by lupeol, ellagic acid, quercetin, kaempferol and others. The differences in the binding energies across the plant PPOs could be due to variation in the amino acid composition and more importantly the amino acid residues that participate in the catalytic and allosteric activities.
The result of this study showed that I. gabonensis fruit peel and pulp extracts consist of chemical constituents that are direct substrate of PPOs such as lupeol, kaempferol, as well as product of reduction reaction catalyzes by other enzymes such as quinone reductase [36] , such as gallic acid, ellagic acid, 3-friedelanone and others. Unfortunately, the inhibitors investigated in this study shows lesser binding energy to the PPO than most of the I. gabonensis constituents. The interaction of ligands with the PPOs were shown in Fig. 3 .
CONCLUSION
In the current study, the standard phenolic constituents of I. gabonensis peel and pulp extracts of the fruit were elucidated, and the molecular interaction with the polyphenol oxidases showed that most of these constituents have higher affinity than the usual inhibitors found in the industrial process which are used to prevent oxidative browning. This study has shown the reason behind rapid browning that usually occur in I. gabonensis and most importantly, the need for effective edible inhibitors of PPO.
